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ce  H  →  γ γ 
 ttH (H  →  bb)
 H   →  ZZ(*)   →  4 l
 H   →  ZZ   →  llνν
 H   →  WW   →  lνjj
 H   →  WW(*)   →  lνlν
Total significance
 5 σ



















ce  H  fi  γ γ   +   WH, ttH (H  fi  γ γ )
 ttH (H  fi  bb)
 H   fi  ZZ(*)   fi  4 l
 H   fi  ZZ   fi  llνν
 H   fi  WW   fi  lνjj
 H   fi  WW(*)   fi  lνlν
Total significance
 5 σ
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Γ(H) [GeV]
MH [GeV]
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XYZ Right handed coordinate system 
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Coque en fibre de carbone
Radiateur
Pailles
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1:32 MM TREE COUPLER
TTCrx
ELECTRONICS CONTROLLER
• 40.079 MHz clock
• Level 1 trigger accept
• Bunch counter reset
• Bunch crossing number
• Event counter reset
• Event number
• Broadcast commands 
• Subaddress 
• Addressed parameters























LHC Clock + Orbit
L1A + Data
Encoder
0 dBm  1310 nm
Multimode fibres
(Max atten 2 dB)
-20 dBm
Encoded TTC
0 dBm 1310 nm







LHC Clock 40.079 MHz
ENCODER
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  radtol 10H116
  A tree on top











 2 independent links:
SPAC1 for MS1,SM1
SPAC2 for MS2,SM2
OTx = radtol Taiwan OTx
Rx =  radtol TrueLight TRR−1B43−000 daughter boards
TTC receivers
  radtol TrueLight TRR−1B43−000 daughter boards





























































































































































































































MS1 and MS2 fibers
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amplifier excited by a variable frequency source and
mounted about 25cm from the power bus side of the
enclosure. The driving coaxial cable was passed through a
number of ferrite toroids, acting as baluns to reduce the
radiated electric field strength. A calibrated loop antenna
(COM-Power AL130) was placed 25cm in front of the
transmitting loop. The signals from the 128 channels on
each FEB are summed in four groups of 32 channels for
trigger purposes. In one of the techniques, these sums were
used, rather than the individual channel signals, to increase
the level of coherent noise relative to the random noise.
3.1. Measurement of Coherent noise with a
Network Analyzer
The first technique makes use of a network analyzer
(HP4395). The RF output of the spectrum analyzer is
connected to the power amplifier (see Fig. 4) as the source
of electromagnetic interference. The calibrated antenna
output is connected to the “A” input of the analyzer and
the amplified sum signal is connected to the R (reference)
input. The network analyzer is swept over the range of
1 to 40MHz, using a narrow filter bandwidth (100Hz).
The narrow bandwidth suppresses all frequencies except
the exciting frequency, and the instruments displays a plot
of the RF level measured on the sum signal, normalized to
the excitation field as measured by the receiving
antenna.The results, normalized to the coherent noise per
channel assuming an equal contribution of each channel,
are shown in Fig. 5a as a solid line for the “slice” of the
board (i.e. the sum top and bottom of one quarter of the
FEB) nearest to the power supply bus (worst case). Fig. 5b
plots the coherent noise of each slice: the noise decreases
as the distance from the transmitting antenna and the
3.2. Measurement of Coherent Noise with the
DAQ and Non-coherent Clock
The second technique makes use of the complete FEB
digitizing and data transfer capability of the FEB data
acquisition system (DAQ). The 40MHz digitizing clock is
asynchronous with respect to the electromagnetic
interference frequency. The RMS fluctuation of the
pedestal values for all 128 channels over a large number of
software generated triggers (10,000), each 32 samples
deep, taken by the switched capacitor array is measured.
Channels more sensitive to pick-up than the average (due,
for example to less effective grounding or shielding) show
higher levels of total noise. Fig. 6 shows the plot of the
rms noise versus channel number for a frequency of
28.5MHz, at which the average coherent noise is
maximum. It can be seen that the first half of the FEB
(ch.1-64) is barely affected. The worst coherent noise is
for the channels nearest to the transmitting antenna and
also nearest to the slots for the power supply, the timing,
trigger and control (TTC) cable and the SPAC cable.
This coherent noise is due to EMI coupling into the
input of the preamplifiers: it is greatly reduced when the
capacitors connected to the input of the FEB on the
pedestal are removed.
The plot of Fig. 6 shows also an odd- even effect,
related to the length of the pins of the right angle
connector at the input of the FEB. This technique is useful
Fig. 3: Magnetic Field H measured by the monitoring



















Fig. 4: Block diagram of the experimental setup to
measure the coherent noise due to an external
electromagnetic field by means of a network analyzer. The
Tektronix AWG2020 is used to provide an external time
base phase locked to the 40MHz clock to the HP4395 to
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 / ndf 2χ  0.02125 / -2
Prob       0
p0        8.781± 18.12 
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PS F0 F1 F2 F3 F4 F5 F6 B0 B1 M0 M1 M2 M3
relative influence on coherent noise
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ATLAS Level-1 Calorimeter Trigger 
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1 of 7 
ATLAS Level-1 Calorimeter Trigger Algorithms 
ATLAS L1Calo Group, compiled by E. Eisenhandler 
1 Introduction 
This document provides a summary of the ATLAS Level-1 Calorimeter Trigger algorithm 
definitions. It includes changes made since the Level-1 Technical Design Report [1], and 
spells out what is done in case of signal saturation or arithmetic overflow in the trigger logic. 
The information is based on the specifications for the PreProcessor ASIC [2], Cluster 
Processor FPGA [3], Jet/Energy Module (JEM) [4], and Common Merger Module [5]. 
2 Electron/photon and tau/hadron cluster triggers 
The inputs to the electron/photon and tau/hadron trigger algorithms are a set of ~7200 trigger 
towers, of granularity 0.1  0.1 in   . These are formed by analogue summation of 
calorimeter cells. There are separate sets of trigger towers from the electromagnetic (e.m.) 
and hadronic calorimeters. These triggers cover the region || < 2.5, which is the limit of 
inner-detector coverage and of high-granularity electromagnetic calorimetry. Trigger tower 
words are 8 bits with, nominally, 1 GeV of transverse energy (ET) per count . (Among other 
things, note that the calorimeter responses to e.m. and hadronic showers are not equal.) 
The electron/photon (e.m.) and tau/hadron trigger algorithms are illustrated in figure 1. They 
are based on a window of 4  4 towers in both the e.m. and hadronic calorimeters, and make 
use of six basic elements, each formed by summing ET over a group of towers: 
Figure 1: Trigger towers used in the electron/photon and tau/hadron triggers. 
1. Four overlapping e.m. clusters, each summed over two e.m. towers, which are used to 
measure the ET of electromagnetic showers. 
2. A hadronic core, the four hadronic towers centred in the algorithm window behind the 
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γ ID + isolation
Figure 7: Jet rejection after photon identification and isolation cuts as a function of the jet ET at
low luminosity. The tuning was done to achieve a 80% efficiency for photons coming from Higgs
decays.
that the photon shower sizes scale with energy and not ET , the leakage outside the shower core
into the isolation ring varies with rapidity. Taking this effect into account might slightly improve
the jet rejection. In addition, the isolation cuts might be tuned differently for converted and
non-converted photons.
These results show that besides the shower shape analysis and isolation into the hadronic calorime-
ter the isolation around an electro-magnetic cluster is a useful quantity for γ/jet separation. Never-
theless, isolation cuts need to be very carefully applied. They cover a big region in the calorimeter
and hence will be quite sensitive to pileup and electronic noise contributions, as well as to dead
and noisy cells. In addition isolation is quite physics dependent and if applied as standard criteria
on the event filter, they must be loose enough in order not to throw away physics. Probably they
are better suited to be applied ‘only’ during the oﬄine reconstruction.
7 Conclusions
γ/jet separation has been studied in detail in [8]. The standard photon identification cuts are
mainly based on the shower shape analysis within the electro-magnetic calorimeter and the leakage
into the first sampling of the hadronic calorimeter. Using these cut values which were optimised
for a 80% photon efficiency (independent of ET ) for photons from H → γγ decays, a jet rejection
of 1440 (880) was found at low (high) luminosity. In this note the γ/jet separation power was
studied for the case that in addition to the standard photon identification cuts as studied in the
past an isolation around a photon candidate is added. For the case of prompt photons different
isolation criteria have been studied. Firstly a ‘simple’ cone or better to say ring algorithm, which
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ResBos with matching (NLO)
Diphox (LO)
Pythia with rad (LO)
Bern, Dixon, Schmidt, NLO, hep-ph/0206194











































































































































































































































Z. Bern, L. Dixon, C. Schmidt
γγPt
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KSV NLO µ=MH recoil


















































KSV NLO µ=MH recoil
KSV NLO µ=MH joint
RSVN NLO µ=MH
RSVN NLO µ=MH/2
ResBos with NLO matching
ResBos with LO matching























KSV NLO µ=MH recoil
KSV NLO µ=MH joint
RSVN NLO µ=MH
RSVN NLO µ=MH/2
ResBos with NLO matching
ResBos with LO matching











































































































































































































































































































































































































































































































































































































































































































































  64.63    /    38
Constant   178.7
Mean  0.6182


























































































































































































































































































































































































































































































































































































































































































































Low luminosity+inner detector vertex
Low luminosity and calorimeter only
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 LPNHE with likelihood ponderationγγ →H
 bb)→ttH (H
 4l→ ZZ* →H
ν lν l→ WW*→H
νν ll→ ZZ →H
 jjν l→ WW*→H
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jets at LHC MS=50 TeV
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